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(54) CALIBRATION DEVICE FOR ARRAY ANTENNA WIRELESS RECEIVER 



(57) In an array antenna radio receive system com- 
prising an array antenna containing a plurality of 
antenna elements and a plurality of radio reception units 
provided for said antenna elements, a calibration signal 
with substantially the same frequency band as a 
spread signal used for spread spectrum communica- 



tions is passed through said radio reception units and 
the delay characteristic or amplitude characteristic of 
said radio reception units is detected from said calibra- 
tion signal that has passed said radio reception units. 
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component and amplitude variation component varying from one radio unit to another are added to output signal 503 
or 602. As a result, the phase and amplitude of the reception signal wave at the antenna reception end and the phase 
and amplitude of the input signal to the weight control section vary from one antenna to another. This causes the radi- 
ation pattern obtained from the weight convergence result including null points to differ from the actual radiation pattern. 
5 Further, in the case of controlling the transmission directivity using the above reception weight, prevents directivity con- 
trol appropriately. 

[0013] To prevent the above phenomenon, it is indispensable to hold the phase difference and amplitude ratio of the 
received signal at each antenna reception end in the stage of the input signal to the weight control section. For this rea- 
son, it is necessary to detect the delay (D1, D2, .... Dn) and amplitude of each radio unit and compensate the amounts 

w of delay and amplitude variations (difference) beforehand by a certain means. 

[0014] As a method for compensating variations of delay and amplitude, there is a method in which each of output 
signal 503 and 602 from each radio unit is multiplied a phase offset equivalent to the delay difference and gain offset 
equivalent to the amplitude ratio. Details of the detection of variations in the phase and amplitude characteristics of the 
adaptive array system are reported in the thesis "G.V.Tsoulos, M.A. Beach "Calibration and Linearity issues for an 

is Adaptive Antenna System", IEEE VTC, Phoenix, pp.1597-1660, May 1997. However, the thesis above is targeted at 
TDMA communications which use a narrower communication bandwidth than that of CDMA communications and use 
a tone signal as the calibration signal. 

[001 5] FIG.5 shows a calibration system at the radio units for conventional CDMA radio communications. It shows a 
case with two antenna devices. Tone signal (sine wave signal) 802 generated from calibration signal generator 801 is 

20 input to radio transmission unit 803. In this example, supposing that quadrature modulation is performed at the radio 
units, sin (col) and cos(o>1) signal are input as the I and Q signals that are mutually orthogonal. At this time, tone signal 
cycle T is T=2 7t/co and co=fs/m (m>1) with respect to information symbol frequency fs. FIG. 6 shows a constellation 
of the tone signal on the IG plane. The signal rotates on the circumference in a constant cycle of 2n/oi Radio transmis- 
sion unit 803 has a transmission function to transmit a signal at received carrier frequency fc of the radio reception unit 

25 that detects the delay. The signal output at carrier frequency fc is transmitted from transmit terminal 804 to antenna con- 
nection terminals 807 and 808 at radio reception sections 805 and 806. At this time, the cables have the same length 
with sufficient accuracy with respect to the wavelength of the carrier frequency. Quadrature detection outputs 809 and 
81 0 at the respective radio reception units are input to detection circuit 81 1 . Detection circuit 81 1 compares tone signal 
802 input and detection output 809 and detects (amplitude ratio, phase difference) = (Ar1 , A yr1) 812. Furthermore, it 

30 compares tone signal 802 and detection output 810 and detects (amplitude ratio, phase difference) = (Ar2, A\|/r2) 813. 
FIG.7 shows a constellation example of tone signal a(t) and detection output b(t) at time t. At this time, the relationship 
between b(t) and a(t) is expressed using phase difference \j/ and amplitude ratio A as follows: 

b(t) = A • exptjy) • a(t) 

35 

Phase difference \\r represents the delay amount ( phase amount) correspond to the modulo (D mod* : mod is remain- 
der operator) obtained by dividing the delay amount D which is total delay amount of radio transmission unit delay Dt, 
cable delay Dk and radio reception unit delay Dr (D = Dt + Dk + Dr) by tone signal wavelength X = c/co (c: velocity of 
light). In FIG.5, since delay Dt of the radio transmission unit and cable delay Dk are common for two radio reception 

40 units 805 806, thus the difference between phase difference Ay r1 and A\yr2 detected equal to a delay amount differ- 
ence between radio reception units 805 and 806. Amplitude ratio A represents the amplitude ratio of the amplitude of 
calibration signal 802 to the amplitude of the detection output. Therefore, the ratio of amplitude ratio AM to Ar2 detected 
represents the difference (amplitude ratio) of the amplitude characteristics of radio reception units 805 and 806. 
[0016] Detecting the amplitude ratio and phase difference of each radio unit using the above system beforehand 

45 allows variations (differences) to be compensated. 

[0017] However, since the calibration system above uses a tone signal as the calibration signal, it only measures the 
delay characteristic and amplitude characteristic of central frequency fO, for example. On the contrary, the spectrum 
spread signal used in actual CDMA radio communications is a wideband signal and the amounts of delay and attenua- 
tion vary depending on the frequency as the case with a group delay characteristic and frequency characteristic of the 

so filter, etc. of the radio unit, and thus it has the problem that it cannot measure delay characteristic and amplitude char- 
acteristic correctly when a spectrum spread signal is received. 

[0018] FIG. 8 shows a spectrum condition with a conventional calibration system. Thisfigure shows that the calibration 
signal is a line spectrum while the spread signal is a wideband signal with a bandwidth of M[Hz] having central fre- 
quency fO. 

55 

Disclosure of Invention 

[0019] The present invention has taken into account such circumstances, and the objective of the present invention 
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reception units on a time sharing basis eliminates the necessity of simultaneously processing synchronization detec- 
tion, correlative operations, phase detection and amplitude detection for the input signal to a plurality of radio reception 
units, making it possible to reduce the circuit scale of the calibration system. 

[0036] The present invention also provides a calibration system that transmits a transmit timing signal from the circuit 
5 that controls the transmit timing of the calibration signal to the synchronization detection circuit and obtains the 
despread timing from the transmit timing of the calibration signal at said synchronization detection circuit. 
[0037] The present invention inputs the transmit timing of the calibration signal which has been spread -modulated as 
a cunning signal to the synchronization circuit, thus eliminating the necessity of detecting synchronization from the 
receive signal to generate the despread timing, making it possible to reduce the circuit scale of the calibration system. 

10 

Brief Description of Drawings 
[0038] 

75 FIG.1 is a section diagram of the reception adaptive array; 

FIG.2 is a section diagram of the CDMA reception adaptive array; 
FIG.3 is a section diagram of another CDMA reception adaptive array; 

FIG. 4 is a diagram showing an example of CDMA transmission using a reception adaptive array antenna; 
FIG.5 is a section diagram of a conventional calibration system; 
20 FIG.6 is a diagram showing a tone signal constellation; 

FIG.7 is a diagram showing a constellation of transmit/receive signal using a tone signal; 
FIG.8 is a spectrum diagram of calibration signal with a conventional calibration system; 

FIG.9 is a section diagram showing an example of the calibration system in Embodiment 1 of the present invention; 
FIG. 10 is a spectrum diagram of the calibration signal in Embodiment 1 of the present invention; 
25 FIG. 1 1 A to FIG. 11 D are diagrams showing constellations of the primary modulation signal, spread signal and radio 

unit side in Embodiment 1 of the present invention; 

FIG. 12 is a section diagram of the calibration system related to Embodiment 2 of the present invention; 

FIG.13 is a diagram showing the delay characteristic and amplitude characteristic according to the receive electric 

field level in Embodiment 2 of the present invention; 
30 FIG. 14 is a section diagram of the calibration system related to Embodiment 3 of the present invention; 

FIG. 15 is a section diagram of the calibration system related to Embodiment 4 of the present invention; 

FIG. 16 is a section diagram of the calibration system related to Embodiment 5 of the present invention; 

FIG.1 7 is a section diagram of the calibration system related to Embodiment 6 of the present invention; 

FIG. 18 is a section diagram of the calibration system related to Embodiment 7 of the present invention; 
35 FIG. 19 is a section diagram that generates a calibration signal using the communication radio transmission unit in 

Embodiment 7; and 

FIG.20 is a section diagram of the calibration system related to Embodiment 8 of the present invention. 
The Best Mode for Carrying out the Invention 

40 

[0039] With reference now to the attached drawings, the embodiments of the present invention are explained in detail 
below: 

(Embodiment 1) 

45 

[0040] FIG.9 shows a configuration example of the calibration system related to Embodiment 1 of the present inven- 
tion. FIG.9 shows a case where there are two antenna devices. 

[0041] In this calibration system, calibration signal 101 is primary-modulated by primary modulator 102. In the present 
embodiment, it is supposed that the modulation system used in the calibration system is the same as the system used 
so in normal communications. As an example, QPSF modulation is used for primary modulation and BPSK modulation is 
used for spread modulation. The radio unit uses quadrature modulation and quadrature detection. The calibration signal 
used is a fixed signal set to all 0. The primary modulation signal is spectrum-spread and input to radio transmission unit 
104. 

[0042] FIG.1 1C shows a constellation of the primary modulation signal and FIG.1 1B shows a constellation of the 
55 spread signal. In radio transmission unit 1 04, the transmit signal is quadrature-modulated and then up-converted to car- 
rier frequency fc and output from transmit terminal 106. Carrier frequency fc is the received carrier frequency of the 
present system (radio reception unit). FIG.1 0 shows a spectrum of the calibration signal. The spreading rate and trans- 
mission rate of the calibration signal are set to have the same bandwidth M[Hz] as that of the transmit signal used during 
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reception unit according to receive electric field level Pm. With such a delay characteristic and amplitude characteristic, 
as shown in Embodiment 1 , it is not enough to detect the amount of delay when a specific receive electric field level is 
input to the radio reception unit and it is necessary to measure delay characteristic Ayri(Pm) and amplitude character- 
istic Ari(Pm) when receive electric field level Pm is changed. 

5 [0051] In FIG. 12, calibration signal 1201 is primary-modulated by primary modulator 1202. The primary modulation 
signal is spread by a spread signal in spread modulator 1203 and input to radio transmission unit 1204. In radio trans- 
mission unit 1 204, the transmit signal is quadrature-modulated and then up-converted to carrier frequency f c and output 
from transmit terminal 1206. The "fc" is the received carrier frequency of the present system. The signal output at car- 
rier frequency fc is transmitted from transmit terminal 1206 to antenna connection terminals 1211 and 1212 of radio 

10 reception units 1209 and 1210 using cable 1208 with attenuator 1207 connected thereto. The reception output from 
each radio reception unit is input to synchronization circuit 1213 and despread timings tl and t2 are generated for each 
radio unit Then, correlators 1214 and 1215 carry out despreading using said timings t1 and t2 and output correlator 
outputs 1216 and 1217. Detection circuit 1216 changes the attenuator set values and obtains phase differences 
Ayr1(Pm) and A\yr2(Pm), and amplitude ratios Ar1(Pm) and Ar2(Pm) and outputs or stores them when receive electric 

is field level Pm is changed. 

[0052] According to the present embodiment as shown above, it is possible to calculate in detail phase differences 
Avprl(Pm) and A\|/r2(Pm) which correspond to the differences of the amount of delay of the radio reception units and 
amplitude ratios Arl(Pm) and Ar2(Pm) according to the receive electric field level. This makes rt possible to accurately 
compensate variations in the delay characteristic and amplitude characteristic in the array antenna radio receive sys- 

20 tern according to the receive power level. 

(Embodiment 3) 

[0053] FIG. 14 shows a configuration example of the calibration system related to Embodiment 3 of the present inven- 
25 tion. This is the calibration system in FIG. 1 2 plus switches. It shows a case where there are two antenna devices as the 
case with FIG.12. 

[0054] In FIG.1 4, calibration signal 1401 is output from transmit terminal 1406 and the same operation as that shown 
in FIG. 12 continues until attenuator 1407 changes the receive electric field level. That is, calibration signal 1401 is pri- 
mary-modulated by primary modulator 1402. The primary modulation signal is spread by the spreading code in spread 

30 modulator 1403 and input to radio transmission unit 1404. In radio transmission unit 1404, the transmit signal is quad- 
rature-modulated and then up-converted to carrier frequency fc and output from transmit terminal 1406. The signal out- 
put at carrier frequency fc is transmitted from transmit terminal 1406 to switches 1409 and 1410 using cable 1408 with 
attenuator 1407 connected thereto. Switches 1409 and 1410 switch the received signal from the antenna and calibra- 
tion spread signal using SW switching signal 141 1. The signals from the switches are transmitted to radio reception 

35 units 1412 and 1413. The subsequent operation is the same as that shown in FIG.12. That is, the reception output at 
each radio reception unit is input to synchronization circuit 1414 and despread timings t1 and t2 are generated for each 
radio unit. Correlators 1415 and 1416 carry out despreading according to timings t1 and t2 above and output correlator 
outputs 1 41 7 and 1 41 8. Detection circuit 1419 obtains phase differences A\y r1 (Pm) and A\|/r2(Pm) and amplitude ratios 
Arl(Pm) and Ar2(Pm) when receive power level Pm is changed by changing the attenuator set values and outputs or 

40 stores them. 

[0055] According to Embodiment 3 as shown above, it is possible to measure the delay characteristic and amplitude 
characteristic of the radio reception unit according to need by controlling the switch switching signal. This allows accu- 
rate compensation even when the above delay characteristic and amplitude characteristic vary with time due to the 
operating environment, etc. 

45 

(Embodiment 4) 

[0056] FIG. 1 5 shows a configuration example of the calibration system related to Embodiment 4 of the present inven- 
tion. It is the calibration system shown in FIG. 1 2 plus a multiplexing circuit. It shows a case where there are two antenna 

so devices as the case with FIG.12. 

[0057] In FIG.1 5, the calibration signal is output from the transmit terminal and the same operation as that in FIG.12 
continues until the attenuator changes the receive electric field level. That is, calibration signal 1501 is primary-modu- 
lated by primary modulator 1502. The primary modulation signal is spread by the spreading code in spread modulator 
1503 and input to radio transmission unit 1504. In radio transmission unit 1504, the transmit signal is quadrature-mod- 

55 ulated and then up-converted to carrier frequency fc and output from transmit terminal 1 506. The signal output at carrier 
frequency fc is transmitted from transmit terminal 1 506 to multiplexing circuits 1 509 and 1 51 0 via cable 1 508 with atten- 
uator 1507 connected thereto. 

[0058] Multiplexing circuits 1509 and 1510 multiplex the received signal from the antenna and calibration spread sig- 
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obtains phase differences Av|/r1(Pm) and A\|/r2(Pm) and amplitude ratios Ar1(Pm) and Ar2(Pm) when receive power 
level Pm is changed by changing the attenuator set values and outputs or stores them. 

[0067] According to Embodiment 6 as shown above, since the despread timing is generated by inputting the transmit 
timing of the spread-modulated calibration signal to the synchronization circuit as a cunning signal, no circuit is required 
s for extracting synchronization from the receive signal. This allows the circuit scale of the calibration system to be 
reduced. 

(Embodiment 7) 

w [0068] FIG. 1 7 shows a configuration example of the calibration system related to Embodiment 7 of the present inven- 
tion. It shows a case where there are two antenna devices as the case with FIG. 1 2. 

[0069] Generally, CDMA radio communication systems generate local signals used at the radio transmission unit and 
radio reception unit by different synthesizers. This is because when the optimum intermediate frequency used for up- 
converting at the radio transmission unit is different from the optimum intermediate frequency used for down-converting 
75 at the radio reception unit, it is necessary to use different local signal frequencies for the radio transmission unit and 
radio reception unit. 

[0070] However, when different local signals are used for the radio transmission unit and radio reception unit, a subtle 
difference may be produced in carrier frequency fc between the transmitting side and receiving side. Therefore, when 
said phenomenon occurs, even if the amount of delay of the radio unit does not change with time, the receive phase 
20 changes with tame. Thus, it is impossible to detect correct values when obtaining phase difference Ayr and amplitude 
ratio Ar based on the difference between the reference identification point and receive point. 

[0071 ] Thus, the present invention uses the same local signal (Lo signal) for all the radio units in addition to the cali- 
bration system in FIG.12. 

[0072] In FIG. 18, suppose that local signal 1820 is supplied to alt the radio units. The rest of the configuration and 

25 operation are the same as those in FIG.12. That is, calibration signal 1801 is primary-modulated by primary modulator 
1802. The primary modulation signal is spread by the spreading code in spread modulator 1803 and input to radio 
transmission unit 1804. In radio transmission unit 1804, the transmit signal is quadrature-modulated and then up-con- 
verted to carrier frequency f c and output from transmit terminal 1 806. The signal output at carrier frequency fc is trans- 
mitted to radio reception units 1809 and 1810 using cable 1808 with attenuator 1807 connected thereto. Then, the 

30 receive output at each radio reception unit is input to synchronization circuit 181 1 and despread timings t1 and t2 are 
generated for each radio unit. The receive output at each radio reception unit is input to synchronization circuit 1811 
and despread timings t1 and t2 are generated for each radio unit. Correlators 1812 and 1813 carry out despreading 
according to timings t1 and t2 above and output correlator outputs 1 81 4 and 1815. Detection circuit 1 81 6 obtains phase 
differences Ay r1(Pm) and Ayr2(Pm) and amplitude ratios Ar1(Pm) and Ar2(Pm) when receive power level Pm is 

35 changed by changing the attenuator set values and outputs or stores them. 

[0073] According to Embodiment 7 as shown above, it is possible to eliminate the possibility of differences of carrier 
frequency fc between the transmitting side and receiving side being generated by using the same local signal on the 
radio transmitting side and radio receiving side. This causes the phase and amplitude not to change due to factors other 
than the delay characteristic and amplitude characteristic at the radio units, making it possible to detect an accurate 

40 amount of delay. 

[0074] As shown in FIG. 1 9, one possible configuration may be that the spread signal output by radio transmission unit 
1901 of the direct sequence CDMA system based array antenna radio system is input to frequency conversion section 
1902, converted to receive carrier frequency fc and then transmitted to the radio reception unit. This makes it possible 
to create a wideband calibration signal similar to the spread signal used for actual communications with a simple con- 
45 figuration by simply providing frequency conversion section 1902. 

(Embodiment 8) 

[0075] FIG.20 shows a configuration example of the calibration system related to Embodiment 8 of the present inven- 
50 tion. This is the calibration system in FIG. 12 plus an interpolation circuit. It shows a case where there are two antenna 
devices as the case with FIG. 1 2. As shown in FIG. 1 3 of Embodiment 2, when the calibration system has delay charac- 
teristic Ayri(Pm) and amplitude characteristic Ari(Pm) of the radio reception units according to receive electric field level 
Pm, it is necessary to measure delay characteristic Ayri(Pm) and amplitude characteristic Ari(Pm) when Pm is 
changed. 

55 [0076] However, in FIG. 12, when the attenuator set value is changed and receive electric field level Pm is changed, 
in order to obtain phase differences A\j/r1(Pm)and Ay r2(Pm) and output or store them to accurately compensate vari- 
ations of the delay characteristic and amplitude characteristic at the array antenna radio receive system according to 
the receive power level, it is necessary to change the quantity of attenuator variation minutely and in a wide range, 
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which will require an enormous quantity of time and data for calibration. 

[0077] Therefore, Embodiment 8 is equipped with a circuit that calculates delay differences and amplitude ratios cor- 
responding to the receive power levels other than the measured receive power level by means of interpolation process- 
ing using the actually measured delay difference and amplitude ratio of each radio unit in addition to the calibration 

s system configuration shown in FIG. 12. 

[0078] In FIG.20, calibration signal 2001 is primary-modulated by primary modulator 2002. The primary modulation 
signal is spread by the spreading code in spread modulator 2003 and input to radio transmission unit 2004. In radio 
transmission unit 2004, the transmit signal is quadrature-modulated and then up-converted to carrier frequency fc and 
output from transmit terminal 2006. f c is the receive carrier frequency of the present system. The signal output at carrier 

10 frequency fc is transmitted from transmit terminal 2006 to antenna connection terminals 201 1 and 201 2 of radio recep- 
tion units 2009 and 2010 using cable 2008 with attenuator 2007 connected thereto. The receive output of each radio 
reception unit is input to synchronization circuit 2013 and despread timings tl and t2 for each radio unit are generated. 
Then, correlators 2014 and 2015 carry out despreading using said timings t1 and t2 and output correlator outputs 2016 
and 201 7. Detection circuit 201 8 obtains phase differences Ayr1 (Pm) and Ayr2(Pm) and amplitude ratios Ar1 (Pm) and 

15 Ar2(Pm) when receive power level Pm is changed by changing the attenuator set values and outputs or stores them. 
[0079] Interpolation circuit 2019 also obtains phase difference Ai^i(Pm) and amplitude ratio Ari(Pm) other than 
receive electric field level Pm measured above and outputs phase difference A\|/ri(Pm) and amplitude ratio Ari(Pm). For 
example, suppose that phase differences Ayri(PO) and A^ri(P2)and amplitude ratios Ari(PO) and Ari(P2) at receive 
electric field levels P0 and P2 are the actually measured values in FIG.13. At this time, with interpolation circuit 1219, 

20 it is possible to obtain phase characteristic Ai|/ri(P1 ) and amplitude characteristic Ari(P1) at unmeasured receive electric 
field level P1 through primary linear interpolation as follows: 

Av|/ri(P1) = (t • Ayri(PO) + s • A\|/ri(P2))/(s+t) 

25 Ari(P1 ) = (t • Ari(PO) + s * Ari(P2))/(s+t) 

where P1 = (t • P0 + s • P2)/(s+t), 0<s, t<1 
[0080] According to Embodiment 8 as shown above, it is possible to obtain the phase difference and amplitude ratio 
at the receive electric field level to be compensated from the delay characteristic and amplitude characteristic data 
so measured and stored in the vicinity of the receive electric field level to be compensated through interpolation process- 
ing. This makes it possible not only to accurately compensate delay differences and amplitude differences in the array 
antenna radio receive system according to the receive electric field level but also to reduce sample points of receive 
power level Pm to be measured. 

[0081] The measured values used in interpolation processing need not necessarily be delay differences from the ref- 
35 erence identification point and amplitude ratios but can also be calculated directly based on the despread correlator out- 
put. 

[0082] For example, suppose that correlator output 201 6 actually measured is expressed by correlative vector Ri(i=1 , 
2) and correlative vectors at receive electric field levels P0 and P2 are Ri(p0) and Ri(p2). Interpolation circuit 201 9 can 
obtain correlative vector Ri(P1) at unmeasured receive electric field level P1 through primary linear interpolation as fol- 
40 lows: 

Ri(P1) = (t • Ri(P0) + s • Ri(P2))/(s+1) 

where P1 = (t • P0 + s • P2)/(s+1), 0<s, t<1 

45 [0083] Based on Ri(P1) above, phase characteristic Ay ri(P1) and amplitude characteristic Ari(P1) at unmeasured 
receive electric field level P1 can be obtained. It is also possible to obtain the offset value when carrying out compen- 
sation to match the phase characteristic and amplitude characteristic of the radio reception units with those of radio 
reception unit RX1 (2009) from correlative vector Ri(P1) obtained through interpolation processing. That is, suppose 
that the offset value is vector Zri(Pm) (i=1 , 2, m=0, 1 , 2, ...), the offset value can be calculated from the following expres- 

so sions: 

Zr1(P1) = 1 

Zr2(P1) = R1(P1)/R2(P1) = R1(P1) x R2(P1)7iR2(P1)| 2 

55 

where * is complex conjugate 
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Industrial Applicability 

[0084] As shown above, the calibration systems for the CDMA radio receive system related to the present invention 
are useful for accurately measuring delay characteristics and amplitude characteristics of a plurality of radio reception 
5 units and suitable for solving the problem that the directive pattern obtained from the weight convergence result includ- 
ing null points is different from the actual directive pattern. 

Claims 

w 1. A calibration apparatus for an array antenna radio receive system having an array antenna with a plurality of 
antenna elements and a plurality of radio reception units provided for each of said antenna elements, comprising: 

supply means for supplying a calibration signal with substantially the same frequency band as a spread signal 
used for spread spectrum communications to each of said radio reception units; 
is detection means for detecting at least one of delay characteristics and amplitude characteristics of said radio 

reception units from said calibration signal that has passed said radio reception units. 

2. The calibration apparatus according to claim 1, 
wherein: 



20 



said supply means comprises: 



primary-modulating means for primary-modulating the calibration signal; 
spread-modulating means for spread-modulating the primary-modulated calibration signal; 
25 converting means for converting the frequency band of the spread-modulated calibration signal to a 

receive carrier frequency; 

transmitting means for transmitting the calibration signal converted to said receive carrier frequency to 
each of said radio reception units. 

30 3. The calibration apparatus according to claim 1 , 
wherein: 

said detection means comprises: 

35 detection means for detecting the synchronization timing of the calibration signal supplied to said radio 

reception units; 

outputting means for outputting a correlation signal obtained by despreading said calibration signal based 
on the detected synchronization timing; 

detection means for detecting a phase difference from said correlation signal relative to the reference iden- 
40 tif ication point as an amount of delay of the radio reception unit corresponding to said correlation signal. 

4. The calibration apparatus according to claim 3, 
comprising: 

45 means for detecting a delay difference between said radio reception units by comparing the amounts of delay 

detected between said radio reception units; 
means for outputting or storing said delay difference. 

5. The calibration apparatus according to claim 1 , 
so wherein: 



said detection means comprises: 

means for detecting the synchronization timing of the calibration signal supplied to said radio reception 
55 units; 

means for outputting a correlation signal obtained by despreading said calibration signal based on the 
detected synchronization timing; 

means for detecting the amplitude ratio to said correlation signal relative to the reference identification 
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point as an amplitude ratio of the radio reception unit corresponding to said correlation signal. 

The calibration apparatus according to claim 5, 
comprising: 

means for detecting an amplitude difference between said radio reception units by comparing the amplitude 
ratios detected between said radio reception units; 
means for outputting or storing said amplitude differences. 

10 7. The calibration apparatus according to claim 1 , 
wherein: 

said supply means comprises means for changing the power level of the calibration signal supplied to said 
radio reception units; 

is said detection means detects the delay characteristic at each radio reception unit at each receive power level 

when said supply means changes the calibration signal to a plurality of power levels. 

8. The calibration apparatus according to claim 1 . 
wherein: 

20 

said supply means comprises means for changing the power level of the calibration signal supplied to said 
radio reception units; 

said detection means detects the amplitude characteristic of each radio reception unit at each receive power 
level when said supply means changes the calibration signal to a plurality of power levels. 

25 

9. The calibration apparatus according to claim 1 , 
comprising: 

signal switching means which is provided between said antenna element and said radio reception units corre- 
30 sponding to said antenna element, for switching the signal input to said radio reception units between the 

received signal output from said antenna element and calibration signal supplied from said supply means. 

10. The calibration apparatus according to claim 1 , 
comprising: 

35 

multiplexing means which is provided between said antenna element and said radio reception units corre- 
sponding to said antenna element, for multiplexing the received signal output from said antenna element and 
the calibration signal supplied from said supply means. 

40 11. The calibration apparatus according to claim 1 , 
wherein: 

said array antenna radio receive system comprises: 

45 synchronization circuit that carries out synchronization detection of the received signal including the cali- 

bration signal output from said radio reception units; 

despreading circuit that despreads the received signal including the calibration signal output from said 

radio reception units; and 

said calibration apparatus farther comprises: 

50 

signal switching means for switching the signal input to said synchronization circuit and said 
despreading circuit for each radio reception unit on a time sharing basis. 

12. The calibration apparatus according to claim 1, 
55 comprising: 

means for generating a transmit timing signal that provides the transmit timing of the calibration signal supplied 
to said radio reception units; 
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means for acquiring the despread timing of the calibration signal output from said radio reception units from 
said transmit timing signal. 

13. The calibration apparatus according to claim 1 , 
5 comprising: 

a signal generating source that generates a local signal; 
and wherein: 

a radio transmission unit and said radio reception units that up-convert the calibration signal to a receive carrier 
w frequency carry out frequency conversion using the local signal generated from said signal generating source. 

14. The calibration apparatus according to claim 1 , 
wherein: 

is said supply means has power level changing means for changing the power level of the calibration signal sup- 

plied to said radio reception units; 

said detection means obtains the delay characteristic value and amplitude characteristic value of each radio 
unit corresponding to power level other than the measured power level through interpolation processing based 
on the measured values if said supply means changes the calibration signal to a plurality of power levels. 

20 

1 5. The calibration apparatus according to claim 1 , 
wherein: 

said detection means comprises: 

25 

correlation signal outputting means for outputting the correlation signal by despreading the calibration sig- 
nal output from said radio reception units; 

operation executing means for executing operations to compensate delay differences and amplitude ratios 
of said radio reception units by directly using said correlation signal. 

30 

1 6. A delay detection apparatus that detects the amount of delay of each of radio reception units for an array antenna 
radio receive system comprising an array antenna containing a plurality of antenna elements and a plurality of said 
radio reception units provided for said antenna elements, comprising: 

35 supply means for supplying a calibration signal with substantially the same frequency band as the spread sig- 

nal used for spread spectrum communications to each of said radio reception units; 

detection means for detecting the amount of delay of said radio reception units from said calibration signal that 
has passed said radio reception units. 

40 17. An amplitude detection apparatus that detects the amplitude characteristic of each of radio reception units for an 
array antenna radio receive system comprising an array antenna containing a plurality of antenna elements and a 
plurality of said radio reception units provided for said antenna elements, comprising: 

supply means for supplying a calibration signal with substantially the same frequency band as the spread sig- 
45 nal used for spread spectrum communications to each of said radio reception units; 

detection means for detecting the amplitude characteristic of said radio reception units from said calibration 
signal that has passed said radio reception units. 

18. A base station system equipped with an array antenna radio receive system comprising an array antenna contain- 
so ing a plurality of antenna elements and a plurality of radio reception units provided for said antenna elements, com- 
prising: 

one of the calibration apparatus described in claim 1 to claim 15. 

55 19. A calibration method of an array antenna radio receive system comprising an array antenna containing a plurality 
of antenna elements and a plurality of radio reception units provided for said antenna elements, comprising the fol- 
lowing steps of: 
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(a) generating a caHbration signa. with substantially the same frequency band as the spread signal used for 

spread spectrum communications; 

said calibration signal that has passed said radio reception unrts. 
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FIG. 11 A 



FIG. 11B 
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FIG. 13A 
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